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Vector boson fusion (VBF) processes at the Large Hadron Collider (LHC) provide a unique
opportunity to search for new physics with electroweak couplings. Two studies are presented: (i) A
search of supersymmetric dark matter in the final state of two VBF jets and large missing transverse
energy is presented at 14 TeV. Prospects for determining the dark matter relic density are studied
for the cases of Wino and Bino-Higgsino dark matter. The LHC could probe Wino dark matter
with mass up to approximately 600 GeV with a luminosity of 1000 fb−1. (ii) A search for the
chargino/neutralino system in the final state of two VBF jets, missing transverse energy and two
τs (light stau case) and light lepton e and µ (light slepton case). The 5σ mass reach at 300 fb−1
(1000 fb−1) of LHC14 for inclusive and opposite-sign τ pairs are 250 GeV (300 GeV) and 200 GeV
(250 GeV), respectively, for ∆M = mτ˜1 − mχ˜01 = 30 GeV. For ∆M = 15 GeV, the 3σ mass
reach at 300 fb−1 (1000 fb−1) of LHC14 for inclusive τ pairs is 180 GeV. The 5σ mass reach at 300
fb−1 (1000 fb−1) of LHC14 for inclusive and opposite-sign µ pairs are approximately 350 GeV (400
GeV) and 300 GeV (350 GeV), respectively. The mass reaches in the same-sign final state cases are
similar to those in the opposite-sign cases.
I. INTRODUCTION
Recently, experiments at the 8-TeV LHC (LHC8) have
put lower bounds on the masses of the g˜ and q˜. For com-
parable masses, the exclusion limits are approximately
1.5 TeV at 95% CL with 13 fb−1 of integrated luminos-
ity [1]. For 20 fb−1 analysis, see [2]. There has also been
active investigation (both theoretical and experimental)
for the lightest top squark (t˜), and exclusion limits in the
mt˜-mχ˜01 plane have been obtained in certain decay modes
[3].
A variety of possibilities exist for the colored sector
(compressed spectra, mildly fine-tuned split scenarios [4],
non-minimal supersymmetric extensions, etc.) with vary-
ing implications for existing and future searches. From
the perspective of a hadron collider, where electroweak
(EW) production is small, a classic strategy to study the
chargino/neutralino system is to detect the neutralinos
in cascade decays of gluinos and squarks. For example,
reconstructing a decay chain like g˜ → q˜ → χ˜02 → τ˜1 →
χ˜01 using endpoint methods [5, 6] leads to mass measure-
ments of χ˜02, τ˜1, q˜ and g˜, where τ˜1 is the lighter stau
mass [7]. However, in a scenario where colored objects
are heavy and the production cross-section is limited, one
has to use different techniques to probe the EW sector.
Moreover, experimental constraints (e.g. triggering) sig-
nificantly affect the ability to probe supersymmetric EW
sector in some of the above scenarios.
The important point to note is that a direct probe of
the EW sector is largely agnostic about the fate of the col-
ored sector and provides a window to dark matter (DM)
physics. Bounds on directly produced charginos and neu-
tralinos in final states with three leptons and missing
transverse momentum using 20.7 fb1 of integrated lumi-
nosity at LHC8 have been presented by the ATLAS col-
laboration in [8]. Similarly, the CMS collaboration has
investigated EW production of charginos, neutralinos,
and sleptons in final states with exactly three leptons,
four leptons, two same-sign leptons, two opposite-sign-
same-flavor leptons plus two jets, and two opposite-sign
leptons inconsistent with Z boson decay, at an integrated
luminosity of 9.2 fb−1 at LHC8 [9].
The purpose of this whitepaper is to summarize work
recently done by the authors in [10] and [11], where the
EW sector has been investigated using vector boson fu-
sion (VBF) processes [12, 13]. VBF processes have been
suggested for Higgs searches [14] and supersymmetric
searches, in the context of slepton and gaugino produc-
tions at 14 TeV LHC [15–17].
The whitepaper is divided into two parts, dedicated to
the two separate studies:
(i) Direct DM production by VBF processes in events
with 2j + E/T in the final state. Information about pro-
duction cross sections in VBF processes and the distri-
bution of E/T in the final state can be used to solve for
the mass and composition of χ˜01, and hence the DM relic
density. The cases of pure Wino or Higgsino χ˜01, as well
as the case of a mixed Bino-Higgsino χ˜01 are studied.
(ii) Probing χ˜02, χ˜
±
1 with VBF processes. We note that
the analysis in [10] was presented for LHC8, and work is
currently being done to upgrade our studies to the 14
TeV LHC (LHC14).
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2II. PROBING DARK MATTER AT THE LHC
USING VBF PROCESSES
Nearly 80% of the matter of the Universe is dark mat-
ter (DM) [18]. The identity of DM is one of the most
profound questions at the interface of particle physics
and cosmology. Weakly interacting massive particles
(WIMPs) are particularly promising DM candidates that
can explain the observed relic density and are under in-
vestigation in a variety of direct and indirect searches.
Within the context of R-parity conserving supersymmet-
ric extensions of the standard model (SM), the WIMP
DM candidate is the lightest supersymmetric particle
(LSP), typically the lightest neutralino (χ˜01), which is a
mixture of Bino, Wino, and Higgsino states.
The DM relic density is typically determined by its an-
nihilation cross section at the time of thermal freeze-out.
For supersymmetric WIMP DM, the annihilation cross
section depends on the mass of χ˜01 and its couplings to
various SM final states, for which a detailed knowledge
of the composition of χ˜01 in gaugino/Higgsino states is re-
quired. Moreover, other states in the electroweak sector,
such as sleptons, staus, or charginos can enter the relic
density calculation.
The strategy pursued in this section will be to inves-
tigate direct DM production by VBF processes in events
with 2j + E/T in the final state. Such an approach has
several advantages. The 2j + E/T final state configura-
tion provides a search strategy that is free from trigger
bias. This is reinforced as the pT thresholds for triggering
objects are raised by ATLAS and CMS experiments.
In order to probe DM directly, the following processes
are investigated:
pp→ χ˜01 χ˜01 jj, χ˜±1 χ˜∓1 jj, χ˜±1 χ˜01 jj . (1)
The main sources of SM background are: (i) pp →
Zjj → ννjj and (ii) pp → Wjj → lνjj. The former
is an irreducible background with the same topology as
the signal. The E/T comes from the neutrinos. The lat-
ter arises from events which survive a lepton veto; (iii)
pp→ tt+jets: This background may be reduced by veto-
ing b-jets, light leptons, τ leptons and light-quark/gluon
jets.
The search strategy relies on requiring the tagged
VBF jets, vetoes for b-jets, light leptons, τ leptons and
light-quark/gluon jets, and requiring large E/T in the
event. Signal and background events are generated with
MADGRAPH5 [31]. The MADGRAPH5 events are then passed
through PYTHIA [32] for parton showering and hadroniza-
tion. The detector simulation code used here in this work
is PGS4 [33].
Distributions of pT(j1), pT(j2),Mj1j2 , and E/T for back-
ground as well as VBF pair production of DM are studied
at
√
s = 8 TeV and 14 TeV. In the case of pure Wino
or Higgsino DM, χ˜±1 is taken to be outside the exclusion
limits for ATLAS’ disappearing track analysis [23] and
thus VBF production of χ˜±1 χ˜
±
1 , χ˜
±
1 χ˜
∓
1 , and χ˜
±
1 χ˜
0
1 also
contribute. The χ˜01 masses chosen for this study are in
the range 100 GeV to 1 TeV. The colored sector is as-
sumed to be much heavier. There is no contribution to
the neutralino production from cascade decays of colored
particles.
Events are preselected by requiring E/T > 50 GeV
and the two leading jets (j1,j2) each satisfying pT ≥ 30
GeV with |∆η(j1, j2)| > 4.2 and ηj1ηj2 < 0. The pre-
selected events are used to optimize the final selections
to achieve maximal signal significance (S/
√
S +B). For
the final selections, the following cuts are employed: (i)
The tagged jets are required to have pT > 50 GeV
and Mj1j2 > 1500 GeV; (ii) Events with loosely iden-
tified leptons (l = e, µ, τh) and b-quark jets are rejected,
reducing the tt and Wjj → lνjj backgrounds by ap-
proximately 10−2 and 10−1, respectively, while achieving
99% efficiency for signal events. The b-jet tagging effi-
ciency used in this study is 70% with a misidentification
probability of 1.5%, following Ref. [25]. Events with a
third jet (with pT > 30 GeV) residing between ηj1 and
ηj2 are also rejected; (iii) The E/T cut is optimized for
each different value of the DM mass. For mχ˜01 = 100
GeV (1 TeV), E/T ≥ 200 GeV (450 GeV) is chosen, re-
ducing the Wjj → lνjj background by approximately
10−3 (10−4). We have checked and found that missing
energy is the biggest discriminator between background
and signal events. After the missing energy cut, the az-
imuthal angle difference of the two tagging jets [24] does
not improve the search limit.
The production cross section as a function of mχ˜01 after
requiring |∆η(j1, j2)| > 4.2 is displayed in Fig. 1. The
left and right panels show the cross sections for LHC8 and
LHC14, respectively. For the pure Wino and Higgsino
cases, inclusive χ˜01χ˜
0
1, χ˜
±
1 χ˜
±
1 , χ˜
±
1 χ˜
∓
1 , and χ˜
±
1 χ˜
0
1 produc-
tion cross sections are displayed. The green (solid) curve
corresponds to the case where χ˜01 is 99% Wino. The
inclusive production cross section is ∼ 40 fb for a 100
GeV Wino at LHC14, and falls steadily with increasing
mass. The cross section is approximately 5 − 10 times
smaller for the pure Higgsino case, represented by the
green (dashed) curve. As the Higgsino fraction in χ˜01 de-
creases for a given mass, the cross section drops. For 20%
Higgsino fraction in χ˜01, the cross section is ∼ 10−2 fb for
mχ˜01 = 100 GeV at LHC14.
Figure 2 shows the dijet invariant mass distribution
Mj1j2 for the tagging jet pair (j1, j2) and main sources
of background, after the pre-selection cuts and requiring
pT > 50 GeV for the tagging jets at LHC14. The dashed
black curves show the distribution for the case of a pure
Wino DM, with mχ˜01 = 50 and 100 GeV. The dijet in-
variant mass distribution for W+ jets, Z+ jets, and tt¯+
jets background are also displayed. Clearly, requiring
Mj1j2 > 1500 GeV is effective in rejecting background
events, resulting in a reduction rate between 10−4 and
10−2 for the backgrounds of interest.
Figure 3 shows the E/T distribution for an integrated
luminosity of 500 fb−1 at LHC14 after all final selections
except the E/T requirement. There is a significant en-
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FIG. 1: Production cross section as a function of mχ˜01
after
requiring |∆η(j1, j2)| > 4.2, at LHC8 and LHC14. For the
pure Wino and Higgsino cases, inclusive χ˜01χ˜
0
1, χ˜
±
1 χ˜
±
1 , χ˜
±
1 χ˜
∓
1 ,
and χ˜±1 χ˜
0
1 production cross sections are displayed.
FIG. 2: Distribution of the dijet invariant mass Mj1j2 normal-
ized to unity for the tagging jet pair (j1, j2) and main sources
of background after pre-selection cuts and requiring pT > 50
GeV for the tagging jets at LHC14. The dashed black curves
show the distribution for the case where χ˜01 is a nearly pure
Wino with mχ˜01
= 50 and 100 GeV. Inclusive χ˜01χ˜
0
1, χ˜
±
1 χ˜
±
1 ,
χ˜±1 χ˜
∓
1 , and χ˜
±
1 χ˜
0
1 production is considered.
hancement of signal events in the high E/T region.
The significance as a function of χ˜01 mass is plotted in
Fig. 4 for different luminosities at LHC14. The blue, red,
and black curves correspond to luminosities of 1000, 500,
and 100 fb−1, respectively. At 1000 fb−1, a significance of
5σ can be obtained up to a Wino mass of approximately
600 GeV. The analysis is repeated by changing the jet
energy scale and lepton energy scale by 20% and 5%,
respectively. We find the uncertainties in the significance
to be 4%.
Determining the composition of χ˜01 for a given mass
is very important in order to understand early universe
cosmology. For example, if χ˜01 has a large Higgsino or
Wino component, the annihilation cross section is too
FIG. 3: The E/T distributions for Wino DM (50 GeV and
100 GeV) compared to W+ jets and Z+ jets events with 500
fb−1 integrated luminosity at LHC14. The distributions are
after all selections except the E/T cut. Inclusive χ˜
0
1χ˜
0
1, χ˜
±
1 χ˜
±
1 ,
χ˜±1 χ˜
∓
1 , and χ˜
±
1 χ˜
0
1 production is considered.
FIG. 4: Significance curves for the case where χ˜01 is 99% Wino
as a function of mχ˜01
mass for different luminosities at LHC14.
The green lines correspond to 3σ and 5σ significances.
large to fit the observed relic density for mχ˜01 mass less
than ∼ 1 TeV for Higgsinos [26] and ∼ 2.5 TeV for
Winos. On the other hand if χ˜01 is mostly Bino, the
annihilation cross section is too small. In the first case
one has under-abundance whereas in the second case one
has over-abundance of DM. Both problems can be solved
if the DM is non-thermal [27] (in the case of thermal DM,
addressing the over abundance problem requires addition
effects like resonance, coannihilation etc. in the cross
section, while the under-abundance problem can be ad-
dressed by having multi-component DM [28]). If χ˜01 is a
suitable mixture of Bino and Higgsino, the observed DM
relic density can be satisfied.
From Figs. 1 and 3, it is clear that varying of the rate
and the shape of the E/T distribution can be used to solve
for the mass of χ˜01 as well as its composition in gaug-
ino/Higgsino eigenstates. The VBF study described in
this work was performed over a grid of input points on
the F −mχ˜01 plane (where F is the Wino or Higgsino per-
4centage in χ˜01). The E/T cut was optimized over the grid,
and the E/T shape and observed rate of data were used
to extract F and mχ˜01 which was then used to determine
the DM relic density.
In Fig. 5, the case of 99% Higgsino and 99% Wino were
chosen, and 1σ contour plots drawn on the relic density-
mχ˜01 plane for 500 fb
−1 luminosity at LHC14. The relic
density was normalized to a benchmark value Ωbenchmark,
which is the relic density for mχ˜01 = 100 GeV. For the
Wino case, the relic density can be determined within
∼ 20%, while for the Higgsino case it can be determined
within ∼ 40%. For higher values of mχ˜01 , higher lumi-
nosities would be required to achieve these results. We
note we have not evaluated the impact of any degradation
in E/T scale, linearity and resolution due to large pile-up
events. Our results represent the best case scenario and
it will be crucial to revisit with the expected performance
of upgraded ATLAS and CMS detectors.
FIG. 5: Contour lines in the relic density-mχ˜01
plane for 99%
Wino (blue dashed) and 99% Higgsino (grey dotted) DMs
expected with 500 fb−1 of luminosity at LHC14. The relic
density is normalized to its value at mχ˜01
= 100 GeV.
III. PROBING χ˜02, χ˜
±
1 WITH VBF PROCESSES
In this section, we probe χ˜02, χ˜
±
1 with VBF processes
in final states with 2τ + E/T as well as 2l + E/T, based on
[10].
We note that the analysis in [10] was presented at the
8 TeV LHC, and work is currently being done to upgrade
our studies to 14 TeV. Much of the VBF kinematics of
the χ˜02, χ˜
±
1 study at 14 TeV will be similar to the 14
TeV analysis of DM presented in the previous section.
We thus present the 8 TeV analysis below, with final
significances at 14 TeV obtained by a simple scaling from
the 8 TeV results.
Several features of existing searches for the χ˜02, χ˜
±
1 sys-
tem at the LHC may be highlighted for better contrast
with the present study:
(a) Searches target χ˜02 and χ˜
±
1 produced via Drell-Yan
production, i.e., without requiring the presence of for-
ward/backward jets.
(b) The bounds assume mχ˜±1
∼ mχ˜02 and an enhanced
branching ratio to trilepton final state provided by ml˜1 ∼
(mχ˜±1
+ mχ˜01)/2 (where l˜1 is the lighter slepton, and l
denotes either e or µ). The slepton mass ml˜1 is placed
such that the mass splitting is large and thus the leptons
have relatively high pT to be free from trigger bias.
(c) Searches resulting in τ final states do not exist due
to the larger τ misidentification rates which make it diffi-
cult to both manage the level of backgrounds and main-
tain low enough pT thresholds for triggering.
Probing χ˜02, χ˜
±
1 with VBF processes offers certain ad-
vantages:
(i) With increasing instantaneous luminosity at the
LHC, both ATLAS and CMS experiments are raising
their pT thresholds for triggering any object. This mo-
tivates us to probe signals for supersymmetry in VBF
processes where production of superpartners is free from
trigger bias.
(ii) VBF production allows the investigation of final
states with τ . τ˜1 is typically lighter than µ˜1 and e˜1 for
large tanβ. A light τ˜1 with small mass splitting is favored
in coannihilation processes [29] that set the relic density
to correct values, in the case of Bino dark matter. Light
τ˜1 is also motivated in the context of the MSSM by the
enhancement of the h → γγ channel [30]. These facts
stress the importance of searches in τ final states with
low pT and large backgrounds, for which production by
VBF processes is more suited since the VBF signature al-
lows for the reduction of the backgrounds to manageable
levels.
(iii) For the leptonic final state, a search based on VBF
processes can be complementary or better than the exist-
ing LHC searches based on Drell-Yan production, since
it is not constrained by trigger bias. It is also interest-
ing to note that the Drell-Yan production cross-section
falls faster than the VBF production cross-section with
increasing mass [15].
We now present the main results of the analysis.
The χ˜02 and χ˜
±
1 are produced by VBF processes and
then decay into the lighter slepton states (τ˜1, µ˜1 and e˜1)
by the decay processes χ˜±1 → τ˜1ν → χ˜01τν, χ˜±1 → l˜ν →
χ˜01lν, and similarly for χ˜
0
2 via χ˜
0
2 → τ˜1τ → χ˜01ττ and
χ˜02 → l˜1l → χ˜01ll.
A benchmark point is first defined and the following
processes are investigated:
pp→ χ˜±1 χ˜±1 jj, χ˜+1 χ˜−1 jj, χ˜±1 χ˜02jj, χ˜02 χ˜02jj . (2)
The benchmark point is mχ˜±1
∼ mχ˜02 = 181 GeV, mτ˜1 =
130 GeV, andmχ˜01 = 100 GeV. The χ˜
±
1 and χ˜
0
2 are mainly
Wino, while χ˜01 is mainly Bino.
The search strategy is based on two steps: first, use
the unique features of VBF processes to reduce back-
ground V+jets events (where V is either W or Z), and
second, use decay properties of the centrally produced
5supersymmetric particle to reduce non-supersymmetric
channels that are also produced by VBF processes.
The production of V V (where V may be wither W
or Z) by VBF processes mimics the signal when the
bosons decay leptonically. A E/T cut is effective in re-
ducing this background. Moreover, requiring multiple
τ ’s in the event further reduces background. Results
will be presented for requiring same-sign and oppositely-
signed τ pairs, as well as an inclusive study. Although
mχ˜±1
∼ mχ˜02 is chosen as an example, the methods de-
scribed in this paper are applicable in detecting χ˜02 and
χ˜±1 separately.
Signal and background samples are generated with
MADGRAPH5 [31] followed by detector simulation using
PGS4 [33].
For the VBF selections, we accept jets with pT ≥ 50
GeV in |η| ≤ 5, and require a presence of two jets (j1,
j2) satisfying:
(i) pT(j1) ≥ 75 GeV;
(ii) |∆η(j1, j2)| > 4.2;
(iii) ηj1ηj2 < 0;
(iv) Mj1j2 > 650 GeV.
We note that the signal acceptance with this selection
is less sensitive to effects on the signal acceptance due to
initial/final state radiation, pileup, and fluctuations in
jet fragmentation.
Although the central jet veto has been used in the past
for VBF Higgs, we do not employ a central veto cut in
our case as our backgrounds are already small and such
a veto in high pileup conditions can degrade the signal
acceptance and requires extensive study in the future.
With our proposed VBF cuts, it is fruitful to divide
the study into the 2 τ + E/T and 2 l + E/T final states
separately.
A. ≥ 2j + 2τ + E/T
For this final state, the following selections are em-
ployed in addition to the VBF cuts described above:
(i) Two τ ’s with pT ≥ 20 GeV in |η| < 2.1, with
∆R(τ, τ) > 0.3. All τ ’s considered in this paper are
hadronic. The τ ID efficiency is assumed to be 55% and
the jet→ τ misidentification rate is taken to be 1%, both
flat over pT [36]. A branching ratio of 100% of χ˜
±
1 and χ˜
0
2
to τ˜1 has been assumed. In realistic models, this branch-
ing ratio can be close to 100%.
(ii) E/T > 75 GeV. This cut is expected to be effective,
due to the fact that the main source of E/T for signal is
the χ˜01 LSP which leaves the detector, while for the back-
ground it is the neutrinos produced by leptonic decays of
the vector bosons.
(iii) We also apply a loose b-veto which is useful in
reducing the tt background.
In Figure 6, the normalized distribution of the pT of
τ is displayed for ∆M = mχ˜±1
−mχ˜01 = 30 GeV and 15
GeV. For smaller ∆M , the distribution peaks at lower
pT and the signal acceptance is less efficient.
FIG. 6: pT of τ distribution normalized to arbitrary units in
≥ 2j + 2τ final state for ∆M = m
χ˜±1
−mχ˜01 = 30 GeV and
15 GeV.
In [10], results were presented with 25 fb−1 of data at
LHC8. We scale the results to LHC14, using the facts
that (i) the Wino production cross-section via VBF pro-
cesses at the benchmark point is about twice at LHC14
compared to LHC8 and (ii) the V V+ jets background
that survives VBF cuts is about four times larger at
LHC14 compared to LHC8. The significance S/
√
S +B
is thus approximately unchanged.
The 5σ mass reach at 300 fb−1 (1000 fb−1) of LHC14
for inclusive and opposite-sign τ pairs are 250 GeV (300
GeV) and 200 GeV (250 GeV), respectively, for ∆M =
mτ˜1 −mχ˜01 = 30 GeV. The mass reach in the same-sign
final state is similar to that in the opposite-sign case. For
∆M = 15 GeV, the 3σ mass reach at 300 fb−1 (1000
fb−1) of LHC14 for inclusive τ pairs is 180 GeV.
We have also considered the tt background and found
that for ≥ 2j + 2τ final state the VBF cut efficiency
is 10−3, and the combined efficiency of E/T, 2τ inclusive
selection and loose b-veto is ∼ 10−5, which renders it
small compared to the other backgrounds. The VBF cuts
are very effective in reducing the background in this case
unlike the VBF production of Higgs [37, 38] where much
lower jet pT (pT > 25 GeV for ATLAS, pT > 30 GeV
for CMS) is used for VBF selection. Also, Mj1j2 is much
smaller in the VBF production of Higgs (for example
CMS used Mj1j2 > 450 GeV). In the SUSY case, due
to the requirement of larger energy in the VBF system
to produce chargino/neutralino pair, the jet pT is higher
which is utilized to select the signal events [15].
6B. ≥ 2j + 2µ + E/T
In the previous section, the VBF search strategy in
the multi-τ final state has been outlined. Although the
search with τ leptons are expected to be the most daunt-
ing case amongst the three generation of leptons, it is
worthwhile to study the potential sensitivity in cases
where the charginos and neutralinos preferentially decay
to the first two generation of sleptons via
χ˜02 → l˜±1 l∓ → l±l∓χ˜01 . (3)
In this subsection, results for event selection with ≥
2j + 2µ+E/T are presented. A branching ratio of 100% of
χ˜±1 and χ˜
0
2 to µ˜ has been assumed. After VBF selections,
the following selections are employed:
(i) Two isolated µ’s with pT ≥ 20 GeV and pT ≥ 15
GeV in |η| < 2.1.
(ii) E/T > 75 GeV.
(iii) We also apply a loose b-veto which is useful in
reducing the tt background.
The VBF cut efficiency for tt background is 10−3, and
the combined efficiency of E/T cut, 2µ inclusive event se-
lection, and loose b-veto is ∼ 2×10−4. The tt background
is small compared to the other backgrounds.
The 5σ mass reach at 300 fb−1 (1000 fb−1) of LHC14
for inclusive and opposite-sign µ pairs are approximately
350 GeV (400 GeV) and 300 GeV (350 GeV), respec-
tively. The mass reach in the same-sign final state is
similar to that in the opposite-sign case.
IV. CONCLUSION
This whitepaper has investigated the direct production
of χ˜01 DM, as well as the production of χ˜
±
1 and χ˜
0
2, by
VBF processes at the LHC at
√
s = 14 TeV. The pres-
ence of high ET forward jets in opposite hemispheres
with large dijet invariant mass is used to identify the
VBF production. Kinematic requirements to search for
signals of these supersymmetric particles above SM back-
ground arising from VBF and non-VBF processes have
been developed. They have been shown to be effective
in searching for direct production of χ˜01 as well as the
production of χ˜±1 and χ˜
0
2 in both 2l as well as 2τ final
states.
For the DM study, it has been shown that broad en-
hancements in the E/T and VBF dijet mass distributions
provide conclusive evidence for VBF production of su-
persymmetric DM. By optimizing the E/T cut for a given
mχ˜01 , one can simultaneously fit the E/T shape and ob-
served rate in data to extract the mass and composition
of χ˜01, and hence solve for the DM relic density. At an
integrated luminosity of 1000 fb−1, a significance of 5σ
can be obtained up to a Wino mass of approximately
600 GeV. The relic density can be determined to within
20% (40%) for the case of a pure Wino (Higgsino) for 500
fb−1 at LHC14, for mχ˜01 = 100 GeV. We note that our
study does not include the effect of large multiple inter-
actions at high luminosity operations at the LHC. This
is a very important subject, but outside the scope of the
present work, because the final performance will depend
on the planned upgrade of ATLAS and CMS detectors.
For the chargino-neutralino study, the 5σ mass reach at
300 fb−1 (1000 fb−1) of LHC14 for inclusive and opposite-
sign τ pairs are 250 GeV (300 GeV) and 200 GeV (250
GeV), respectively, for ∆M = mτ˜1 − mχ˜01 = 30 GeV.
The mass reach in the same-sign final state is similar
to that in the opposite-sign case. For ∆M = 15 GeV,
the 3σ mass reach at 300 fb−1 (1000 fb−1) of LHC14 for
inclusive τ pairs is 180 GeV.
The 5σ mass reach at 300 fb−1 (1000 fb−1) of LHC14
for inclusive and opposite-sign µ pairs are approximately
350 GeV (400 GeV) and 300 GeV (350 GeV), respec-
tively. The mass reach in the same-sign final state is
similar to that in the opposite-sign case.
The next-to-leading order QCD corrections to the VBF
electroweak production cross sections have not been con-
sidered. The inclusion of the K factor, which is very
modest for VBF production (∼ 5%), would improve the
signal significance [39].
Searches for the EW sector in τ final states in Drell-
Yan production face the challenge of controlling the level
of backgrounds due to the larger τ misidentification rate
as well as maintaining low enough pT thresholds for trig-
gering. The VBF searches are capable of reducing the
background to manageable levels and thus probing multi-
τ final states.
With increasing instantaneous luminosity, both AT-
LAS and CMS experiments are raising their pT thresh-
olds for triggering objects. The VBF trigger offers a
promising route to probe supersymmetric production free
from trigger bias. This is complementary to the existing
LHC searches based on Drell-Yan production.
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